Eight fetal pigs, in utero, were injected ip with 20 /aCi/fetus [UlaC]-fructose between d 55 and 65 of pregnancy. The isotope was allowed to equilibrate between blood and tissues within injected fetuses for a period of 240 min. Fetal pigs were then sacrificed and nucleic acids were extracted from cold tissue homogenates of skeletal muscle and liver. Nuclide disintegrations per minute recovered in extracted DNA and RNA were used to calculate incorporation of labeled C from fructose. The recovery of labeled C per mmol of nucleic acids from skeletal muscle was greater (P<.05) than that from liver. Relative incorporation of labeled C into skeletal muscle RNA (395.9 pmol/mmol) was greater (P<.05) than for DNA (189.5 pmol/mmol). The same trend was observed for liver RNA (78.0 pmol/mmol) and DNA (55.6 pmol/mmol), but differences were nonsignificant. These data suggest that at least part of the high concentration of endogenous fructose measured in fetal pigs in utero is involved in synthesis of nucleic acids, thereby providing substrate for anabolic functions necessary for fetal growth and development.
I ntroduction
Fructose is the principal blood sugar in the ungulate fetus (Huggett, 1961) yet, its physiological role in the developing fetus is poorly defined. Studies comparing the relative utilization of glucose and fructose in fetal lambs have This paper is published with the approval of the Director of the Arkansas Agr. Exp. Sta. 2Present address: Univ. of Florida, Institute of Food and Agr. Sci., ARC, Live Oak 32060.
Anita. Sci. Center, Univ. of Arkansas, Fayetteville 72701, for reprint requests. demonstrated that glucose is rapidly catabolized to CO2 through intracellular oxidative pathways, while fructose is not (Alexander et al., 1966; Tsoulos et al., 1971) . Alexander et al. (1970) determined that only 3% of the labeled CO2 appearing in the blood of perfused isolated sheep fetuses could have originated from infused labeled fructose. Huggett (1961) graphically depicted a positive correlation between periods of high blood fructose concentration and rapid growth of fetal lambs and suggested that fructose might be used for synthesis of a tissue constituent(s) required only in microquantities. Autoradiograms of fetal lamb tissues (Huggett and Pelc, 1964) revealed that fructose was preferentially utilized for synthesis of substances confined to the cell nucleus. The cell nucleus is rich in chromatin comprised of the nucleic acids DNA and RNA. The purpose of this study was to determine if fructose is utilized in synthesis of nucleic acids in skeletal muscle and(or) liver of fetal pigs.
Methods and Materials
Surgical Technique. Eight fetal pigs between 55 and 65 d gestation from two primiparous crossbred Yorkshire • Hampshire gilts were selected randomly to receive injections of labeled fructose. Sows were fasted 12 h before surgery and then tranquilized with an im injection of .1 mg/kg body weight acetyl promazine. Anesthesia was maintained on a closed-circuit system with a mixture of nitrous oxide and halothane breathed in 02. Anesthetized sows were positioned in left lateral recumbancy and the uterus exposed by abdominal incision according to the procedures outlined by Hoakanson (1971) . A uterine segment containing a single fetus was exteriorized and quickly encased in a thick sterile insulating gauze that was continuously saturated with physiological saline warmed to 39 C. Intrauterine orientation of the fetus was determined by palpation. Using a 26-guage 73 JOURNAL OF ANIMAL SCIENCE, Vol. 55, No. 1, 1982 needle fitted to a 1-cc syringe, 20 /aCi of [uX4c]-fructose contained in .2 ml sterile physiological saline was injected into the fetal peritoneal cavity via trans-uterine puncture. A small plastic identification label was sutured onto the uterine surface at the injection site and the exteriorized uterine segment containing the injected fetus was then returned to the abdominal cavity. The procedure was repeated until four fetuses/sow were injected. When the injection protocol was completed, the incision was sutured closed and the sow was removed from anesthesia. After a postinjection period of 240 min, the sow was again anesthetized and fetal pigs were delivered by Cesarean section. Fetuses were euthanized then immediately frozen on dry ice and stored at -20 C until tissues were prepared for analysis.
Sample Preparation. Nucleic acids were extracted from ice-cold tissue homogenates consisting of 6 g fetal skeletal muscle obtained from both rear limbs or 6 g of liver. The DNA and RNA were separated by their differential solubilities in trichloroacetic acid as reported by Schneider (1957) and Traketellis and Axelrod (1965) . The following modifications were made to obtain nucleic acids in a crystalline form. The RNA was precipitated as a barium nucleate from the cold acid soluble fraction by adjusting the medium to pH 10.5 with a saturated solution of barium hydroxide at 4 C, followed by addition of two volumes of 95% ethanol at 4 C. The mixture was transferred to a refrigerator at 0 to 5 C for 6 h until precipitation was complete. The DNA was extracted from the acid insoluble fraction in 10% NaC1 (w/v) heated in a boiling water bath for 40 min. The mixture was then centrifuged at 12,000 x g for 20 min at 4 C. The supernatant containing DNA was carefully suctioned away from the remaining pellet. The DNA was precipitated as a sodium nucleate by addition of 2.5 volumes of 95% ethanol at 4 C in a cold room. The DNA and RNA precipitates were equilibrated twice in 5 volumes of absolute ethanol and twice with equal volumes of anhydrous ether. Aliquants of the ether equilibrations were decanted into liquid scintillation cocktail and quantitated. No 4 Sigma Chemical Co., St. Louis, MO. s New England Nuclear, Boston, MA. ICN Chemical and Radioisotope Division, lrvine, CA.
exchangeable radioactivity was present.
Quantitative Procedures. Nucleic acids were quantitated colorimetrically. The DNA concentration was determined by reaction with diphenylamine (Dische, 1955) and RNA by reaction with orcinol (Albaum and Umbriet, 1947 ). Nucleic acids were tested for completeness of separation by cross-reacting aliquants from their respective precipitates in diphenylamine and orcinol. No cross-contamination was detected. Standard curves appropriate for each nucleic acid were prepared using purified DNA and RNA 4 .
Incorporation of labeled C was determined by liquid scintillation spectrometry. Individual aliquants of each nucleic acid were solubilized in Protosol s then emulsified in Biofluor s using the manufacturer's protocol. Quench was corrected by external standard ratio and chemiluminescence was arrested by adding .5 ml of 5% (w/v) ascorbic acid per 20 ml scintillation cocktail. D--[U14C]--fructose6 with a specific activity of 225 mCi/mmol was injected into fetal pigs. Isotope purity of greater than 97% was verified by descending chromatography using a solvent system comprised of 1-butanol: pyridine: H20 (10:3:3) at 28 C and a development period of 30 h.
Calculations. Microcuries of labeled fructose
injected were calculated from actual nuclide disintegrations per minute (DPM) in aliquants of isotope injected. Picomoles of labeled fructose contributing to nucleic acid synthesis were calculated from DPM recovered/mmol of DNA and RNA nucleotide. An average gram molecular weight for nucleotides comprising DNA and RNA was determined by dividing the sum of gram molecular weights of the contributing bases in each, by four. Using this method, nucleotides of DNA have an average weight of 309 mol, while those of RNA have an average weight of 315 mol. Isotope incorporation data were subjected to analysis of variance (Steel and Torrie, 1960 )using a randomized completeblock design. The Duncan multiple range test was used to detect significant differences in means.
Results and Discussion
Data relative to incorporation of C from labeled fructose into nucleic acids of skeletal muscle and liver tissue are summarized in table 1. The amount of labeled C incorporated into DNA and RNA of skeletal muscle tissue (189.5 and 395.9 pmol/mmol, respectively) was greater (P<.05) than that incorporated into DNA and RNA in liver tissue (55.6 and 78.0 pmol/mmol, respectively). Relative incorporation of isotope into RNA of skeletal muscle and liver was greater than for DNA in these tissues. In skeletal muscle, this difference was significant. These data support the observations of Winick and Noble (1965) , that total cellular DNA and RNA in heart, skeletal muscle and liver of fetal rats increased throughout gestation, but the rate of RNA synthesis was always greater than for DNA. These data also support the current concept that tissues actively involved in protein synthesis are more active in synthesis of RNA than DNA (Smellie, 1955) . Aherne et al. (1969) and Randall and L'Ecuyer (1976) reported that fructose concentrations in blood of fetal pigs averaged 175 mg/100 ml during the second half of gestation. Using an estimated blood volume of 25 ml for fetal pigs near midgestation (blood volume = 10% body weight) and an average blood fructose concentration of 175 mg/100 ml, the calculated ratio of unlabeled to labeled molecules of fructose in injected fetal pigs in the present study could have rea~ched 50.45 to 1. Using these estimates and data presented in table 1, utilization of endogenous fructose for synthesis of nucleic acids in fetal pigs could be as high as 20 nmol/mmol of skeletal muscle RNA during the 4 h incubation period.
Inability to experimentally demonstrate fructose utilization in oxidative metabolism (Alexander et al., 1966 (Alexander et al., , 1970 Tsoulos et al., 1971; Warnes et al., 1977) raised the inference that fructose in the fetal ungulate is an inert metabolite. Data presented by Scott et al. (1967) , however, showed the relative contribution of fructose used for lipid synthesis in the fetal lamb was nearly equal to that of glucose. Setchell et al. (1972) demonstrated that fructose contributed C to glycogen synthesis in the fetal lamb and the present study revealed fructose utilization for nucleic acid synthesis in fetal pigs.
In mammals, the greatest amount of tissue development and fetal growth occurs during the second half of gestation. Growth creates intense demand for synthesis of nucleic acids that regulate and direct cellular proliferation. Data from this study suggest that fructose in the fetal pig follows intracellular anabolic pathways providing substrate for synthesis of nucleic acids and may be involved in synthesis of other molecules important to fetal growth and development.
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